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The Upjohn Company 1 GJE 6181/106 

BENZ IMIDAZOLES AND THEIR PHARMACEUTICAL USE 

The present invention relates to novel methods 
of treatment and to compositions employed in such methods. 
The present invention particularly relates to novel 
methods for preventing or treating gastrointestinal 
- inflammatory diseases. — 

Certain pharmacological agents are known to have 
a cytoprotective effect on the gastrointestinal tract. This 
effect is manifest in the ability of such compounds to 
treat or prevent non-traumatically-induced, nonneoplastic 
inflammatory diseases of the gastrointestinal tract. The 
cytoprotective effects of prostaglandins are described in 
US Patent Specifications Nos. 4, 083,998; 4,081,553 and 
4,097,603. 

Gastrointestinal inflammatory diseases :n=luds 
gastric inflammatory diseases surh as gar-tric uIct 
duodenal ulcer and gastritis. Other gastrointestinal 
inflammatory diseases include Crohn's disease, inflatory 
bowel disease, tropical and non-trcpicai rprue, infectious 
enteritis, colitis, ulcerative coxitis, pseudomembranous 
colitis, diverticulitis, and all.^enic and radiological 
inflammatory diseases. 

As is known in the art, gastrointestinal 
inflammatory diseases are characterised by inflammation, 
specifically by the presence of oedema, characteristic 
inflammatory cells, i.e. leucocytes, histiocytes and 
macrophages, and, in some cases, necrosis and ulceration 
of the surface epithelium. Thee inflammatory diseases 
are know* to be caused by a wide variety of agents which 
are present in and attack the surfaces of, the 
gastrointestinal tract, producing the 
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inflammatory disease re::onse. Such agents include microorcanis.ns 
(viruses sod fungi i), bacterial toxins, certain pharmaceutical agents 
(antibiotics and ami- inflammatory steroids), and chemical agents 
5 (bile salts, toxic household chemicals). Indeed, gastric acid itself 
is capable of attacking the stomach lining and producing the inflam- 
matory state. 

The prostaglandins and related fatty acid metabolites are a class 
of compounds frcm which most if not all the known cytoprotecti.ve 

10 agents are derived. Indeed, the endogenous production of prosta- 
glandins by cells of the gastrointestinal tract apparently represents 
at least a part of a natural cytop-otecti ve mechanism. For example, 
when a non-steroidal anti-inflammatory compound (NOSAC) is adminis- 
tered to a mammal, one effect is the inhibition of prostaglandin 

15 biosynthesis in the gastrointestinal tract, resulting in gastritis and 
gastrointestinal blood loss. However, when a prostaglandin is admin- 
istered together with the non-sttroidal anti-infs amatory compound, 
the untoward gastrointestinal consequences of NOSAC administration are 
alleviated. See y.iited States Patent 3,927,213 (Lippman. "Prostaglan- 
20 din E a „nd Derivatives for Reducing the Side Effects of Anti- inflamma- 
tory Agents",), issued lo December 1375, end United States Patent 
3,781,^9 (Partridge, "Method of Inhibiting Ulcerogenisis induced by 
Non-steroidal An M" - 1 nf lavatory Agents"), issued 25 December 1973. 
' Clinical reverts cf the reduction of gastrointestinal side effects 
25 from the concomitant administration of prostaglandins with NOSAC's are 
described by C- Johansson, et ai.. ""ucosal Protection by Prostaglan- 
din V), The Lancet, 10 Febraury 1979, p. 317, anc M. M. Cohen, 
"Mucosal Protection by Prostaglandin E 2 \ The Lancet. -9 December 1978 
p. 1253-1254. 

30 Another method of preventing or treating certain gastrointestinal 

diseases, specifically gastric diseases, is by inhibition of gastric 
acid secretion. In situations where the integrity of the gastric 
mucosal barrier is compromised, gastric acid secretion can result in 
erosion of the epithelial cells with consequent inflammation and 

35 ulceration. Inhibition of such untoward gastric acid-induced effects 
can be achieved by either neutralization of the effects of the acid 
(e.g., antacid administration), or by administration of a pharmacolo- 
gical agent effective to inhibit gastric acid secretion. 

One class of such agents effective to inhibit gastric acid secre- 


0045200 


10 


15 


20 


25 


30 


35 


-3- 3772 
ti on are the gastric antisecretory prostaglandins. These substances 
are known to be effective in the treatment and cure of gastric and 
duodenal ulcers as a result of the inhibition of gastric secretion. 
See United States Patent 3,903,297 (Robert, "Method of Treatment and 
Prophylaxis of Gastric Hypersection and Gastric Duodenal Ulcers Using 
Prostaglandin Analogs"), issued 2 September 1975 and Robert, "Anti- 
secretory Property of D rostc?l ondi ns" , Prostaglandin Symposium of the 
Worcester Foundation for Experimental Biology, 16-17 October 1957, 
Inter-Science, N.Y., ?978, p. 47. Another important class of anti- 
secretory agents are the histamine H 2 receptor antagonists, including 
metiamide and most especially cimetidine, N-cyano-N ' -methyl -N ' ' [2- 
[[(5-methyl-]H-imidazol-4-yl }methy! ]thi o] ethyl ]gunanidi ne. See the 
Merck Index, 9th Edition, (APP-1 A-3) and Physicians' Desk Reference, 
34th Edition, (1980), pages 1636-1641. 

Accordingly, three clacses of cytoprotecti ve actions are known to 
affect beneficially gastrointestinal inflammatory diseases: (1) 
direct cytoprotecti ve effects, such as those exhibited by the prosta- 
glandins, (2) inhibitory effects on the untoward consequences of pros- 
taglandin synthetase inhibition, e.g., such as are produced by N0SAC 
aiiii ?i strati on, :.nd (3) inhibitory e f fects on the untoward effects of 
gastric acid secretion, such as are produced by antacids and gastric 
antisecretory agents such as prostaglandins and histamine *H 2 receptor 
antagonists. Although the first of these three effects (protection 
from nor-gastric acid and non-NOSAC induced inflammatory diseases) is 
the only one which can unconditionally be referred to as a "cytopro- 
tective" effect, nonetheless L-oth direct cytoprotecti ve effects and 
the protective effects ot the inhibition of untoward NOSAC-i nduced 
effects are commonly known in the art as "cytoprotecti ve" . According- 
ly, the term "cytoprotecti ve effect", "cytoprotecti ve action", and 
"cytoprotection" as used herein will refer both to direct cytoprotec- 
tion (U.S. Patents 4,083,998, 4,081,553, and 4,097,603) and inhibition 
of NOSAC-induced effects (U.S. Patents 3,927,213 and 3,781,429), but 
not protection against gastric-acid induced inflammatory diseases. 

Although the prostaglandins represent a class of agents which, in 
some cases, are both "cytoprotecti ve" and inhibitors of gastric secre- 
tion, not all gastric antisecretory agents exhibit appreciable cyto- 
protective effects. Moreover, antacids which effectively neutralize 
gastric acid are not cytoprotecti ve. Cimetidine, for example, is an 
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example of a highly potent inhibitor of gastric secretion, which is 
devoid of appreciable cytoprotecti ve effects. See A. Robert* "Cyto- 
protection Against Acidified Aspirin: Comparison of Prostaglandin, 
Cimetidine, and Probanthi ne" , Gastroenterology 76:1227 (May 1979), and 
5 references cited therein indicating any apparent cytoprotecti ve 
effects of cimetidine are related to its antisecretory property. See 
also Kauffman, G. L. , et 6 1 ., "Cimeditine Does Not Inhibit 
I ndomethacin- Induced Small Bowel Ulceration in the Rat", Proc. of the 
Soc. Exp. Biol. Med. 161:512-4 (1979). 

10 The present invention specifically relates to heterocyclylalkyl- 

sulf inylbenzimidazoles, heretofore known to be useful as gastric anti- 
secretory agents and, therefore, useful in the treatment of gastric 
ulcers. See United States Patent 4,045,563 and European Published 
Patent Application 0 005 129 [abstracted and published as Derwent 

15 Farmdoc CPI No. 794783). Per at least certain of these substituted 
benzimidazoles, the inhibition of gastric secretion is accomplished by 
direct action on the acid-secreting parietal cells of the stomach, 
specifically through inhibition of potassium ion-aependent APTase. 
See, for example, Lars Olba, et al., "Properties of a New Class of 

20 Gastric Acid inhibitors" , Scand. J. Gastroenterol, 14:131-135 (1979, 
Sudd 5b}. 
PRIOR ART 

Heterocyc'iylalkylrulfinylben/inidazole: are known .in the art, as 
are methods of using these compounds to reduce gastric acid secretion. 
25 See the above references. Also known in the art are other gastric 
antisecretory agents, e.g., the prostaglandins and histamine H 2 recep- 
tor antagonists, such as cimetidine and metiamine. See also refer- 
ences cited above. 

Finally, also known in the art are cytoprotecti ve uses for cer- 
30 tain prostaglandins, including gastric antisecretory prostaglandins. 
. However, the absence of comparable cytoprotecti ve effects for other 
gastric antisecretory agents unrelated to gastric antisecretory 
property is also known. See A. Robert, Gastroenterology 76:1227 (May 
1979), cited above. 
35 SUMMA.RY OF THE INVENTION 

The present invention particularly provides 

(a) a method for the treatment or prevention of a non-aastric- 
ac id- induced , non- traumatical ly- induced , non-neopl astic gastro- 
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intestinal inflammatory disease in 3772 
PTtlcuLrly susceptible to * 1 * Suffe -"9 fro. or 

c ^nses: the ^opnmt of said ^ 

administering orally to «iw 
5 hete ^'^^, kylsulfl . J b J a ;^';; -o»t of a cytoprotective 
"id disease; en ^dazole effective to treat or prevent 

( b ) an oral pharmaceutical c-n„ e{ *- 

the treatment or prevent' /T ' " ^ f °™ f - 

"on-trau m atical,y. induced ' ° f 3 nor '-9astri C - dC i d - induced 

inflatory disease in a W "fT^^ 9aStr -"testinal 

-evelop^nt of said disease I h ' ^ ° P to the 

, 5e wrncn comprises: 

an amount of a r-+^ 

(a) effective to trp?t ^ 

^oprotcctf,. hete ; y ; , : ; r;; tor f £D - * said 

sole; and yc,y7a, ^ 1su ^nylben 2 i m ida- 
(2J a P ha "«ceut1c«ll y . acceptabIe car . 
(c) a method of orctecting t^e qa -tro- 
^ the »^ non-oastri - : CeS:ir2 ' tra « in - « 

9aStrein ^»'«»y IrW agert ? h UC<!d fffeCtS ° f «Posure to 

■^■Mtterfng orally t " 0 ^ ' 
«>■" antisecretory ED$o) ^^"TL' ^^—^ (less 
' ylsulf in y lhen2imi . d „ ole • cytoprotective heterocyclyl- 

6ffects - 6 tC ? ' eV "t °r amelicrate said 

Cytoprotective hetarocyclvlalkvu - - 
™ ^e manner of ma.ing t^TZr^^^' + ^ 
'° r 9aStric antisecretory use w 2 ^ n " CWt,ul compositions 
4 .°«.*3 and European Published "aT : ^ ""^ 
^'shed 31 October 1979 (also 1/ *"»'«t1on ° 005 152 

-"-oc CPI No. 79478B). a " d »"»"shed at DerJt' 

Accordinqlv ca^ 

">) "kyl of one to 1 cjrbm 
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(e) carboxy, 

(f) carboxyalkyl of 2 to 5 carbon atoms, inclusive, 

(g) alkoxycarbony] of 2 to 5 carbon atoms, inclusive, 

(h) alkoxycarbonylalkyl of 3 to 9 carbon atoms, inclusive, with 
5 the proviso that each alkyl group therein is of one to 4 carbon atoms, 

inclusive, 

(i ) carbamoyl , 
(j) carbamoyl oxy, 
(k) hydroxy. 

10 0) alkoxy of one tc 5 carbon atoms, inclusive, 

(m) hydroxyalkyl of one to 7 carbon atoms, inclusive, 
, (n) t^ifluorcmethyl , or 

(0) alkylcarbonyl of one to 4 carbon atoms, inclusive, 
wherein R 3 is 

15 (a) hydrogen, 

(b) alkyl of one zo 4 carbon a^ms, inclusive, 

(c) alkylcarbory] 0 f one tc 4 carbon atoms, inclusive, 

(d) alkoxyc:rhony: of 2 to 5 carbon atoms, inclusive, 

(e) carbamoyl , 

20 (f) el xy 1 carbamoyl of 2 to 5 carbon atoms, 

(9) d;al<yl carbamoyl of 3 to 9 wbon atoms, inclusive, with the 
proviso that eacn alkyl is of one to * carbon atoms, inclusive, 
(h) alkylcarbonylmethyl of 3 to 5 carbon atoms, inclusive, 

(1) alkoxycarbonylmethyl of 3 to 5 carbon atoms, inclusive, or 
25 (j) elkylsulfonyl of one to 4 c:rbon atoms, inclusive; 

wherein Xj is alkylcne of one to 4 carbon atoms, inclusive, with 
one tc 4 carbcr. atoms, inclusive, in a chain, being straight or 
branched; and 

wherein Het is 
30 ( a ) imidazolyl, 

(b) imidazolinyl , 

(c) benzimidazolyl , 

(d) thiazolyl, 

(e) thiazolinyl , 
35 (f ) quinolyl , 

(g) piperidyl, 

(h) pyridyl , or 

(i) imidazolyl, imidazolinyl, benzimidazolyl, thiazolyl, 
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•zollnyl. cuinolvl, piperldyl. pyridyl , or py ridyl subsiit uted by one 
chloro, or bromo, or 
> thoxycarbonyl, a1kox y, or alkylcarbonyl , being the ^ ^ J £ • 

3 " w ydr ° 9en ; " X: " HGt t2ken t0SSth9r 13 3 ^ ° f 
wherein R„, R 5 . and R 6 , tne same or dif 

y roge (b ) metny1 , (c) methoxyt (d) ethoxy> (e) 

ethoxyethoxy, with the provisos that (1) R 3 , r, : 3nd R$ ^ 
J hydrogen, and {2) two of ^ ^ an<J ape * 
third is not methyl, and 

wherein R 7 is hydrogen, methyl, or ethyl- 
and the pharmacologically acceptable salts thereof. 

Most especially included in the scodp nf « ai(( 

the group consisting of 

» 1 dJ;[r (4 "" ethox; ' , " wn ' ,) '' nethy ' su ' f, " ,,] - (4 - 6 - j, - th '''-'"^- 

« , ,!"f?"' 3,5 " d,ISthyl "' ! "*' Sttox,, - wr,d " J!etl V'""inylj-(5- e ^tvl 

o-methylj-benzimidazole, acetyl- 
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2- [2- (3, 5-di methyl ')-pyr*;dyl methyl sul f i nyl ]- (5-carbomethoxy-6- 

methyl )-benz imidazole, 

2-[2-(3,4,5-trimethyl )-pyridylmet hyl sul f i nyl ]- ( 5-carbomethoxy- 

6-methyl )-benzimidazol e, 

5 2-[2- (4-methoxy) -pyridyl methyl sul f i nyl ]- ( 5-ca rbornet hoxy-6- 

methyl )-benzimidazol e, 

2-[2-(4-ethoxy)-pyridylmethylsulf i nyl ]- ( 5- cerbomcthoxy-6- 
methyl )-benzimidazole, 

2- [2- ( 3-methyi -4-methoxy )-pyridyl methyl sul fi nyl ]- (5-ca rbo- 
10 methoxy-6-methyl )-benzimidazol e , 

2- [2- (3,5- dimethyl -4- me t h oxy )-pyri dyl methyl sul fi ny 1 ]- (5- 
carbomethoxy-6-methyl )-benz imidazole, 

2-[2-{4-methoxy-5-methyl)-pyridylmethylsulfinyl]-(5.carbomethoxy- 
6-methyl )-benzimidazole, 

15 2-[2-(3,5-dimethyl )-pyri nyl methyl sul fi nyl ]- (fi-carbomethoxy )- 

benzimidazole, 

2-[2- (3, 5-dimethyl -4-methoxy )-pyri dy 1 met hy 1 s ul f i nyl]- (5- carbo- 
methoxy) -benzimidazole, 

2-[2- (3, 5-dimethyl -4-methoxy )-pyr idylmethy] s=;l finyi ]- (5- acetyl J- 
20 benzimidazole, 

2-[2-(4-methoxy-5-methy1)^^^ 
benjjjaida^o^ 


, 2 -[ 2 -(3,5-dimethyl-4-methoxy)-pyr<dy^^ ^ 

b en z i m id^ol p , — 

« 2 -[>(3>5-dimethyl-4-methoxy)-pyridy^^ 
benzi.Tiidazole, 

2- [2- ( 3, 5- di met hyl -4-methoxy )-pyr idyl methyl su i f inylj- benzi- 
midazole, or 

2-[2-(3,5-dimethyl-4-methoxy)-pyridylmethylsulfinyl]-(5-chloro)- 
30 benzimidazole. 

Also included within the scope of said cytoprotective hetero- 

cyclylalkylsulfinylbenzimidazoles are compounds selected from the" 
group 

2-[2-pyridylmethylsulfinyl]benzimidazole [i.e., timoprazol e] , 
35 2-[2-pyridylmethylsulfinyl]-(4,6-dimethyl)benzimidazole, 
2-C2-pyridylmethylsulfinyl]-(5-ethyl)benzimidaZ0le, 
2-[2-pyridylmethylsulfinyl]-(4- me thyl ,6-chl oro)benzimidazol e, 
2-[2-pyridylmethylsulfinyl]-(5-methoxy)benzimidazole, 
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2-pyridylmethyl sulf inyl J- (5-hydroxy) benzimidazol e, 
2- pyridyl methyl sulf inyl]- (5-acetyl )benzimidazol e, 
2-pyridylmethyl sul f i nyl ]- (5-carboxy )benzimidazol e , 
2- pyridyl methyl sulf inyl]- (5-carbethoxy) benzimi dazol e, 
2- (4-chloro) pyridyl methyl sul finyl]benz imidazole, 
2- (5-methyl ) pyridyl methyl sul f inyl ]benzimidszol e , 
2-pyridylmethyl sul f i nyl ]-N-mevhyl benzimidazol e , 
2-pyri dy 1 - (methyl )methyl sul f i ny! ]benzimidazol e , 
2-pyridylmethyl sul f i nyl ]- (4-methyl ) benzimidazol e , 
2-pyridylmethyl sulf iriyl ]-(N-acetyl 'benzimidazol e, 
2-pyridylmethyl sul f l nyl ]- (N-methpxycarbonyl ) benzimidazol e, 
2-pyridylmethyl sulf inyl]- (5-methyl ) benzimidazol e, 
2- pyridyl methyl sul f inyl ]-(5-chloro)benz imidazole, 
2-pyridylmethyl sulf inyl ]- (j- isopropyl ) benzimidazol e, 
2-pyridylmethyl sul f inyl ]- (5-t-butj '! ) benzimidazol e, 
2-pyridylmethyi sul f inyl ]- [5-n- propyl ) benzimidazol e, 
2-pyridylmethyl sulf inyl ]-(N-carbdinoyl ) benzimidazol c, 
2-pyridylmethyl su! f inyl j- (N-methyl ^rbamoyl )ben2imida20l e, 
2-pyridylmethyl sul fir.yl J- (N- acetyl met >y'\ ) benzimidazol e, 
2-pyr-*cy1 methyl sul f inyl]- (N-ethoxyc2.'bonyl methyl ) benzimi da- 

2-pyridylmethyl sulf inyl ]- (N-methy! sulf onyl )benzimidazol e, 
2- (4 -methyl ) pyridyl methyl sul f i nyl ]- (5-methyl ) benzimidazol e, 
2-(£-nethyl ) pyridyl methyl sulf "'nyl ]- (5-methyl )benzimidazol e, 
2-pyridylmethylsulf inyl]- (6-chlc-c) benzimi dazole, 
2-pyri dyl- (ethyl )methyl sulf inyl ]benzimidazol e, 
2-pyridyl-(ethyl )methyl sul fin>l]-(5-chloro)benzimidazole, 
2-pyri dyl - (methyl )methyl sul f i nyl ]- (5-ethyl ) benzimidazol e , 
2-(3-methyl ) pyridyl methyl sulf inyl ]benz imidazole, 
[2-(5-ethyl ) pyridyl methyl sul f inyl ]- (5-methyl ) benzimidazol e , 
2- ( 5-ethy 1 ) pyridyl methyl sul fi nyl ]benzimi dazole, 
2-pyri dyl -(ethyl )methyl sulf inyl ]- (5-ethyl ) benzimidazol e, 
2-pyridyl-(methyl )methylsul finyl]-(5-cyano)benzimidazole, 
2-pyri dyl -(methyl Jmethyl sul fi nyl ]- (5-trif 1 uoro) benzimi dazole/ 
2-pyri dyl- (ethyl )methyl sul f inyl ]-( 5-methyl )benzimidazol e, 
2-pyri dyl- (ethyl )methyl sul f inyl ]- (5-cyano)benzimidazol e, 
2-pyri dyl -(ethyl )methylsulfinyl]-(5-trifluoro)benzimidazole, 
2-pyridylmethyl sul fi nyl]- (4-chloro) benzimidazol e, 
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2-[2-pyridyl-(isopropyl )methyl sul f inyl ]benzimidazole, 
2-[2-pyridyl-(methyl )methyl su 1 f i nyl ]- (5 ,6-dimethyl ) benzimi ciazol e ^ 

and 

2-[2-pyridyl methyl sul fi nyl ]- (5, 6-di methyl )benzimidazole. 
5 The present invention in part relates to compositions and methods 

for treatment of non-gastric-acid-induced, non-traumatTcal ly-i nduced , 
non-neopl astic gastrointestinal inflammatory diseases. Th'is term of 
art is used in its ordinary and conventional sense, such as United 
States Patent 4,083,998, cited above. 

10 Mammals suffering from these inflammatory diseases are readily 

diagnosed by an attending physician or veterinarian of ordinary skill 
in the art. Mammals particularly susceptible to the development of 
these diseases are those mammals whose environment or medical history 
provides a known predisposition to gastrointestinal inflammatory 

15 disease. For example, mammals especially susceptible to gastric 
inflammatory diseases include those: 

(1) with a history of multiple episodes of g?scric or duodenal 
ulceration, 

(2) with a history of chronic and excessive ethanol consumption, 
20 (3) with a recent acute exposure to a cytodestructi ve dose of 

ionizing radiation, 

(4) with an acute or chronic ipgestive exposure to cytodestruc- 
tive chemical agents, including cytod^structi ve chemical agents, or 

(5) with a recent exposure to pathogens capable of producing 
25 cytodestructi ve conditions. Similarly, those mammals with a history 

of colitis, especially ulcerative colitii, are likewise known in the 
art to be particularly susceptible to recurrence of this gastro- 
intestinal inflammatory disease. 

Mammals to whom the cytoprotecti ve heterocyclyl alkyl sulf inyl- 
30 benzimidazol es are administered are particularly and especially 
humans, although other valuable domestic animals and experimental 
animals are also included within the scope of the present invention. 

In accordance with the novel methods employing these cyto- 
protective- heterocyclyl al kyl sul finyl benzimidazol es » the present 
35 invention provides for oral administration. Accordingly, oral 
administration described in European Published Patent Application 
0 005 152 and United States Patent 4,045,563 is conveniently employed. 
Appropriate oral pharmaceutical compositions are formulated for 
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use in accordance with the present invention. Such pharmaceutical 
compositions are employed as described in European Published Patent 
Application 0 005 152 and United States Patent 4,045,563, except that 
in place of an antisecretory amount of the heterocyc lyl alkyl sul f inyl - 
5 benzimidazole, a cytoprotecti ve amount, i.e., an amount effective to 
treat or prevent the non-traumat i cal ly-i nduced , -non-neopl est i c 
gastrointestinal inflammatory disease, is employed in the c^nosi tion. 

Particularly and especially, the compositions employed in 
accordance with the present invention are in a unit dosage form, as 

10 that term is employed in the art, and contain in the unit dosage an 
amount of the cytoprotecti ve heterocyclyl alkyl sl^ fi nyl benzimidazol e 
which is both effective to treat or prevent the gastric inflammatory 
disease and less than the gastric antisecretory EDsq (dose effective 
to inhibit 50% of basal acid secretion) of the cytoprotecti ve 

15 heterocyclyl alkyl sul finylbenzarnidizole. Hence these compositions, 
which by definition provide insubstantial gastric antisecretory 
effects, are nonetheless surprisingly and unexpectedly effective as 
cytoprotecti ve pharmaceutical compositions. 

The amount of the cytoprotecti ve heterocyclylalkylsulfinylbei-zi- 

20 midazole effective to treat or prevent, the gastrointestinal inflam- 
matory diseases is an amount wh:c!\ va-ies according to the .T^mM*'! 
being treated, the severity of the disease, the route of admi nitra- 
tion selected, and the particular heterocyclyl alky] sul f inyl ben.7 imi- 
dazole being employed. Ordinarily, the relative potencies of these 

25 cytoprotecti ve heterocyclyl alkyl sj! nnylbenzimidazoles rre determined 
by tests in standard laboratory animds described in Example 1 and 
employed in accordance with the present method in proportion to their 
relative potencies. Accordingly, such determinations are readily 
within the skill of pharmacologists in the art. 

30 These cytoprotecti ve heterocyclyl alkyl sulfinylbenzimidazol es are 

accordingly administered one to 6 times daily at dosages between from 
about 0.1 wg to about 100 mg/kg/ciay orally. 

Prevention of the gastrointestinal inflammatory diseases results 
in the reduction of the incidence and severity, of ulceration ordi- 

35 narily produced by the disease, including total prevention of the 
inflammatory process. Treatment results in accelerated and more 
complete and satisfactory healing of ulcers and ether manifestations 
of the inflammatory process. Accordingly the present invention pro- 
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vides for the pharmacological use of heterocyciylalkylsulfinylbenz- 
imidazoles at lower effective doses than heretofore possible and 
provides a surprisingly and unexpectedly valuable means cf treating 
and preventing gastrointestinal disease that was not heretofore 
available with these compounds. 

DESCRIPTION' OF THE PREFERRED EMBODIM ENTS 

Example 1 Effective Dose for Gastric Acid Secretin Inhibition 

by timoprazole, 2-[2-pyr1dylmethylsulf1fiyl]benzimida- 
zole 

Groups of rats were fasted with restraint for 36 
hours. To the rats in each group, 2 ml of vehicle {108 Emulphor, 10% 
ethanol, 80% water) or timoprazole (at a selected dosage in vehicle) 
were administered orally one hour prior to oylorous ligation oerfonned 
under ether anesthesia. Four hours later, rat; were sacrificed by C0 2 
asphyxiation and their gastric contents were collected for measurement 
of titratable acid output. Acid outputs from ifncprezole-treatsd 
rats, as percentage of output from control (vehicle alone) rats, wer- 

Acid Output 

(percent of control) DoS2 
0r3l Administration mg/kg 


80* 
80* 
80* 
60 
55 


0.01 
0.1 
1.0 
3.0 
10.0 
30.0 

30 100.0 


* Not significantly (P<0.05) less than controls. 

Thus, by oral administration, the ED 5U for inhibition by timo- 
prazole of gastric acid secretion is approximately 12 mg/ml. 
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Examp1e 2 Effect of timoprazole on ethanol - i nduced gastric 
lesions 

A. Four groups of rats, standard laboratory animals for 
determining cytoprotecti ve effects of pharmacological agents, are 
fasted for 24 hr and then treated orally with (a) timoprazole (in 
vehicle), (b) cimetidine (in vehicle), or (c) vehicle (10% Emulphor, 
10% EtOH, 80% water). Thirty min later, the rats are challenged with 
an oral 1 ml dose of 80% aqueous ethanol, a standard agent for induc- 
ing gastric cytodestruction. One hr later, the rats are sacrificed 
(carbon dioxide asphyxiation) and the gastric tissues examined. Rats 
treated with timoprazole at 0.3, 1, 3, or 10 mg/kg demonstrate no 
gastric ulceration. Rats treated with a dose of 0.3 mg/kg show traces 
of mild ulceration. In contrast, rots treated witi. vehicle only or 
with cimetidine :t 0.3, 1.0, 3.0 or 10.0 mg/kg all demonstrate 
gastric ulcers, although i slight decrease in the nur.iber of ulcers is 
noted in the ciiaetidine-trentd enimcls. The ED 50 cf timoprazole for 
gastric acid secretion inhibition is ac least ten times greater than 
the lowest cytoprotecti ve dose observed m this experiment. 

B. A furti.ar exnenment is undertaken to rule out gastric 
emptying as « factor in the cytoprotection observed in part A above. 
In this experiment timoprazole ,.as given orally at 0.01, 0.1, or 1.0 
mg/kg to groups of rats and a further group of rats is' treated with 
vehicle (same as in part A) only. *s above, the rats are fasted Tor 
24 hr prior to treatment. Groups of rats are then sacrificed 5, 15, 
25 and 30 min after timoprazole ingestion. No significant changes in 
gastric volume between rats treated with vehicle and rats treated with 
timoprazole is observed at any of the three, sacrifice times. Accord- 
ingly, fluid accumulation in the stomach is not a factor in the cyto- 
protecti on observed in part A. 

C A further experiment is performed to determine the lowest 
dose of timoprazole at which 50% of the animals treated exhibit no 
gastric ulceration (ED 50 ), employing a vehicle with less "mild 
irritant" effects than in part A. Groups of rats are fasted for 24 hr 
and then treated orally or subcutaneously with timoprazole at 1 3 or 
35 10 mg/kg in vehicle (5% EtOH, 1% Emulphor in water) at 30 min'befo^e 
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ethanol challenge. The rets are sacrificed one hour after timoprazole 
administration and the extent of gastric ulceration determined. 
Subcutaneous administration of timoprazole did not significantly 
reduce the number of ulcers compared to control (vehicle-treated) 
5 rats. Oral administration produced a significant reduction in 
ulceration at all dosages tested and the ED 50 is determined to be 
below 1 mg/kg. 

D. Because mild gastric irritants, e.g., 20% ethanol, are known 
to stimulate endogenous prostaglandin production, with consequent 

10 cytoprotection effects being observed, a further experiment is under- 
taken to determine whether timoprazole acts as a rr^ld irritant (i.e., 
by stimulating endogenous cytoprotecti ve prostaglandin production), or 
exerts a directly cytoprotecti ve effect. In this experiment, racs are 
treated with timoprazole (5 mg/kg orally), but in each urou^ of rats 

15 half the animals are pretreated with a NOSAC, indomethdcin, I hr prior 
to treatment with timoprazole. One hour after othanoi challenge, the 
rats are sacrificed. However, no significant difference is observed 
between rats receiving indometfiicir, and those ;.ot receiving income- 
thicin. Accordingly, the cytoprotecti ve effects of timoprazole are 

20 not mediated by endogenous prostag 1 mai n production. 

■ Sample 3 Cytoprotecti ve effect of timoprazole against thermally 
induced gastric ulceration. 

Following the procedure of Zxample 2A, but employing 
25 boiling water (greater than 85-95°C) in place of 80% ethanol, there is 
obtained a uniform reduction in the incidence and severity of ulcers 
in timoprazole-treated rats (0.3, 1.0, 3.0, and 10.0 iv^/kg) as 
compared to rats receiving vehicle only. Using the ulcer Incidence 
(ulcers/stomach) scoring system of Robert (U.S. Patent 4,097,603, 
30 column 4, lines 41-53), the control group exhibits a score of 8.0, 
while the treated groups exhibit scores of 7.6 (0.3 mg/kg), 5.0 (1.0 
mg/kg), 3.9 (3.0 mg/kg), and 4.0 (10.0 mg/kg). 

Exam P le 4 Cytoprotective effect of timoprazole against acid- 
35 induced gastric ulceration 

Following the procedure of Example 2A but employing 
0.6N HC7 in place of 80% ethanol, there is obtained a uniform 
reduction in the incidence and severity of ulcers in timoprazole- 
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treated rats (1, 3, 10 and 30 nig/kg) as compared to rats receiving 
vehicle only. Using the ulter incidence (ulcers/stomach) scoring 
system of Robert (US Patent 4 097 603, column 4, lines 41-53), the 
control group exhibits a score of 9.6, while the treated groups 
exhibit scores of 6.7(1 mg/kg), 2.2 (3 mg/kg), 1.5 (10 mg/kg) and 1.2 
(30 mg/kg). 

Exam p le £ 

2-[2-pyridyl m ethylsulfinyl]ben 2 imidazole KC1 '100 q\ is 
mlxedwlth lactose (527.4 g), pota to starch (509.1 g), and 'colloidal 
si ice acid - (96 g). The mixture is moistened with 10% solution of 
gelatin and is ground through a 12-mesh sieve. After drying, potato 
s arch (480 g)> talc (150 g) and magnesium stearate (15 g, are added 
and the mixture thus obtained is pressed into 10,000 tablets with 
earn containing 10 mg of active substance. Tablets containing 2.5 r.g 
c. actu-o supstar.ee :re similarly prepared by using 25 g of 
,-C2- P yr 1 dyln,ethylsulfinyl]benzin,ida 2 ole.HCl in the formulation. ■ 
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-.-■thod for the prevention of a non-gastric acid- 

. non- trauma tically- induced , non-neoplastic 

r.testinal inflammatory disease in a mammal suscept- 

rhe development of the disease, which comprises 

~ r-ering orally to the mammal an amount of a cyto- 

~ '• : ve alkyl sul f inylbenzimidazole . 

r.ethod for protecting the gastrointestinal tract i,: 

. _ from non-gastric acid-induced effects of potential 

to gastrointestinally injurious agents, which 

s administering orally to the mammal an amount of 

t ective alkyl sulf inylbenzimidazole . 

method according to claim 1 or claim 2, in which the 

administered is less than the gastric antisecretory 

the a lkyl sulf inylbenzimidazole . 

alkylsulf inylbenzimidazole , for use in the " 
~— -~ r.t or prevention of non- gastric acid- induced , non- 
_ r --.ically- induced » non-neopiast ic gastrointestinal 

— . zzztory disease. 

alkylsulf inylbenzimidazole , for use in protecting 
rointestinal tract of a m air. max from non-gastric 

— -nrpd effects of potential -\r pctuai exposure to 
:r:test inally injurious agents. 

oral pharmaceutical composition, in unit dosage 
:.r.";-::i ch comprises a cytoprot ectivs alkyl sul finylben- 

j-le in an amount less than the gastric antisecretory 

the cytoprotective het erocyclylalkyliul f inylbenz- 

le, and a pharnaceutically acceptable carrier. 

method, compound or composition according to any 

Trr.g claim, in which the alkyl sul f inylbenzimidazole 
, - - --pound of formula I 


Ri 
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wherein Rj and R 2 , being the same or different, are 

(a) hydrogen, 

(b) alkyl of one to 4 carbon atoms, inclusive, 

(c) fluoro, iodo, chloro, or bromo, 

(d) cyano, 

(e) carboxy, ^ 

(f) carboxyalkyi of 2 to 5 carbon atoms, inclusive, 

(g) alkyloxycarbonyl of 2 to 5 carbon atoms, inclusive, 
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(h) alkoxycarbo.nyUUyl of 3 to 9 carbon atoms',, inclusive, with 
the proviso that each alkyl group therein is of one to 4 carbcn atoms, 
inclusive, 

(i ) carbamoyl , 
(j) carbamoyioxy, 
(k) hydroxy, 

(1) alkoxy of one to 5 carbon ?toms, inclusive, 

(m) hydroxyalkyl of one: to 7 carbon atoms, inclusive, 

(n) tri fl uoromethyl , or 

(o) alkylcarbonyl of one to 4 carbon atoms, inclusive, 
wherein R 3 is 

(a) hydrogen, 

(b) alky] of one to 4 carbon atoms, inclusive, 

(c) alkylcarbonyl of cne to 4 carbon atoms, inclusive, 

(d) alkoxycarbonyl of 2 to 5 carbon atoms, inclusive, 

(e) carbamoyl , 

(f) alky] carbamoyl of \ to 5 carbon atoms, 

(g) dialkylcarbam-'i of 3 to 9 carbcn atoms, inclusive, with the 
proviso that esch alkyl is of oi.e to 4 carbon atoms, inclusive, 

(h) elkylcarDonyJmethy: of 3 to 5 carbon atoms, inclusive, 

(i) 5lkoxyc3rbonylmethyl of 3 to 5 carbon atoms, inclusive, or 
(j) alkyl suKonyl of one to 4 carbon atoms, inclusive; 

wherein Xi is alkyl ene of one to 4 carbon atoms, inclusive, with 
one to 4 carbon aioms, inclusive, in 3 chain, being straight or 
branched; and 

wherein Het is y 

(a) imidazolyl, 

(b) imidazolinyl , 

(c) benzimidazolyl , 

(d) thiazolyl , 

(e) thiazol inyl , 

(f) quinolyl, 

(g) piperidyl , 

(h) pyridyl , or 

(i) inidazolyl, imidazol inyl , benzimidazolyl , thiazolyl, thia- 
zol inyl, quinolyl, piperidyl, pyridyl, or pyridyl substituted by one, 
two, or 3 alkyl of one to 4 carbon atoms, inclusive, fluoro, iodo] 


0045200 

.21- 3772 

.benzimidazol e, 

2-[2-(4-*ethoxy) -pyri dyl methyl sul f i nyl ]- {4 ,6- di methyl)- be nzi - 
midazole, 

2-[2- (3, 5-dimethyl -4-methoxy) -pyri dyl methyl sul f inyl ]-( 5- acetyl - 
6-methyl )-benzimidazole, 

2-[2- (3 f 5-dimethyl )-pyridyl methyl sul f inyl ]- (5-carbomethoxy-6- 
methyl )-benzimidazol e , 

2-[2-(3,4,5-tn*methyl )-pyn*dyl methyl sul f i nyl ]- ( 5- carbomethoxy- 
6-methyl )-benzimidazol e , 

2- [2- ( 4 -met hoxy)-pyr idyl methyl sulfinyl]-(5-carbonethoxy-6- 
methyl )-benzimidazol e , 

2- [2- (4 -ethoxy) -pyr idyl methyl sul f i ny 1 ]- (5-carbomethor.y-6- 
methyl )-benzimidazol e, 

2-[2- (3- methyl - 4- met hoxy )- pyr idyl methyl sulfinyl]-(5-carbo- 
ricthoxy-6-methyl )-benzimidazol e, 

2- [2- (3 ,5- dimethyl -4 -met hoxy) - pyr i dy 1 methyl <r u 1 f i ny 1 ] - ( 5 - 
carbomethoxy-6-methyl )-benzimidazole, 

2-[2-(4-methoxy-5-methyl )-pyridylmethyl sul f i nyl ]- (5-carbomethoxy- 
6-nethyl )-benzimidazol e, 

2-[2- (3, 5-dimethyl )- pyridyl methyl sul f inyl]- (5-carhomethcxy)Denz- 
imi'iazole, 

2- [2- (3, 5-dimethyl -4-methoxy) -pyr idyl methyl sul f i nyl j- (o-carbo- 
methoxy)-benzimidazol e, 

2-[2- (3 , 5-dimethyl -4-methoxy) -pyridyl methyl sul f inyl ]- ( 5- acetyl ) - 
bc.izimidazole, 

2-[2- (4-methoxy- 5-methyl ) -pyn dylmet hyl sul f i nyl ]- ( 5-n3thoxy ) - 
benzimidazole, 

2-[2- (3, 5-dimethyl - 4-methoxy) -pyridyl methyl sul f inyl ]- (5-methoxy )- 
benzimidazole, 

2-[2-( 3, 5-dimethyl -4-methoxy) -pyridyl methyl sulf inyl ]- (5-methyl ) - 
benzimidazole, 

2- [2- (3 , 5-dimethyl -4-methoxy ) -pyri dyl methyl sul fi nyl ]-benz i - 
midazole, or 

2- [2- (3, 5-dimethyl -4-methoxy) -pyri dyl methyl sul f inyl ]-(5-chl oro) - 
benzimidazole. 

9. A method, compound or composition according to any 
of claims 1 to 7 in vhich the alkylsulf inylbenzimida- 
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zole is selected from 

2- [2- pyr idyl methyl sul finyl ]benz i mi da zol e , 
2-[2-pyri dy 1 methyl sul finyl]- (4 f 6-dimethyl)benz imidazole, 
2-[2-pyr idyl methyl sul f inyl]- (5- ethyl )benzimidazol e, 
5 2-[2-pyridylmethylsul finyl ]- (4-methyl ,6-chl cro)benzimidazol e , 

2- [2- pyr idyl methyl sul f i nyl ]- (5-methoxy ) benzimidazol e, 
2-[2-pyri dyl methyl sul f inyl]-(5-hydroxy)benzimidazol e, 
2-[2-pyridylmethyl sul f inyl ]-( 5- acetyl ) benzi mi da zol e , 
2-[2- pyri dyl methyl sul f inyl]- (5-carboxy)benz imidazole , 
10 2- [2- pyr idyl methyl sul finyl ]-(5-carbethoxy )oenz imidazole , 

2-[2-(4-chloro)pyridyl methyl sul f inyl ]benzimidazol e, 
2- [2- (5-roethyl ) pyr idyl methyl sul f inyl ]benzi mi dazol e, 
2- [2-pyridyl methyl sul f i nyl ]-N-methyl benzimidazol e, 
2- [2-pyridyl - (methyl )methyl sul f inyl ]benzi mi dazol e, 
15 2-[2-pyr idyl methyl sul f inyl ]-(4-methyl ) benzimidazol e , 

2-[2-pyri dyl methyl sul f i ny 1 ]-( N-acety 1 ) benzi midazole, 
2* [2- pyr idyl methyl sul finyl ]- (N-methoxycarbonyl ) benzimidazol e, 
2 -[2-pyridyl methyl sul finyl ]- (5-methyl ) benzi mi dazol e, 
2-[2-pyridylmethyl sul finyl ]-(5-chloro)benzimidazol e, 
20 2-L2-pyridyl methyl sul f i nyl ]- (5-i sopropyl ) benzimidazol e, 

2-[2-pyri dyl methyl sul fi nyl ]-(5-t-butyl )benzimidazole, 
2- [2-pyridyl methyl sul fi nyl ]- (5- n- propyl ) benzi midazol e, 
2-[2-pyr idyl methyl sul finyl]- (N-carbamoyl )benz imi dazol c, 
2-[2-pyridylmethyl sul fi nyl ]-(N-methyl carbamoyl ) benzimidazol e, 
25 2-[2-pyri dyl methyl sul f i nyl ]- (N- acetyl methyl ) benzimidazol e , 

2-[2-pyridylmethyl sul fi nyl ]- (N-et hoxyc arbony 1 methy 1 ) benzi mida- 
zole, 

2-[2-pyri dyl methyl sul f i nyl ]- (N-methyl sul f onyl ) benzimidazol e, 
2-[2-(4-inethyl )pyri dyl methyl sul finyl ]-(5-methyl )benzimidazol e , 

30 2-[2-(5-methyl)pyridylmethylsulfinyl]-(5-methyl )benzimidazol e, 

2-[2-pyri dyl methyl sul finyl]-(6-chloro)benzimidazole, 
2-[2-pyridyl-( ethyl )methyl sul fi nyl ]benzi midazole, 
2-[2-pyridyl- (ethyl )methyl sul f i nyl ]- (5-chloro)benzimid5Zol e, 
2-[2-pyridyl- (methyl )methyl sul finyl ]- (5- ethyl )benzimidazol e, 

35 2-[2-(3-methyl ) pyri dyl methyl sul fi nyl Jbenz imi da zol e, 

2-[2- (5-ethyl) pyr idylmethyl sul finyl]- (5-methyl Jbenzimidazole, 
2-[2- (5-ethyl) pyri dyl methyl sul fi nyl ]benz imidazole, 
2-[2-pyridyl- (ethyl )methyl sul finyl j- (5- ethyl Jbenzimidazol e, 
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2-[2-pyridyl - (methyl )methyl sul f inyl ]- (5-cyano)benzimidazoi e , 
2-[2-pyridyl- (methyl )methyl sul f i nyl ]- (S-tri f 1 ucro)benz imda zol e , 
2-[2-pyridyl - (ethyl )methy 1 sul fi nyl ]- (5- methyl ) benzi mi da zol e , 
2-[2-pyridyl- (ethyl )methyl sul f inyl ]- (5-cyanc)benz imidazole, 
2-[2-pyridyl- (ethyl )methyl sul f inyl ]- (5-trifl uorc)benzimidazol e, 
2-[2-pyridyl methyl sul f inyl ]- (4-ch i oro)benzimidazol e , 
2-[2-pyridyl -( i sopropyl )methyl sul f inyl ]benzimidazcle, 
2-[2-pyridyl -(methyl )methyl sul f i nyl ]- (5,6-dimethyl )ben? i mi da zol e , 

2- [2- pyr idyl methyl sul f inyl]- (5, 6-di methyl ) benzi mi dazol e. 
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